Background: Factors beyond the individual level such as those characterizing the residential environment may be important to breast cancer outcomes. We provide a systematic review and results of meta-analysis of the published empirical literature on the associations between breast cancer risk and mortality and features of the residential environment.
Background
Research on breast cancer epidemiology has traditionally focused on investigating genetic, biomedical and individuallevel behavioral factors. However, in the last several decades, researchers have begun to also consider the role of the environment in which individuals reside (residential environment). The residential environment as a determinant of health was highlighted in the 1979 Surgeon General report as part of a comprehensive approach to disease prevention [1] , and research in this area further intensified following the 2010 Healthy people report [2] .
The residential environment may play a role in breast cancer incidence and mortality through the geographic distribution of breast cancer risk factors, access to quality and timely healthcare resources and medical treatment, as well as through psychosocial pathways involving stress and social support [3] [4] [5] . For example, parity, lack of breastfeeding and increased alcohol use are associated with area level characteristics such as neighborhood poverty and access to healthcare [6] [7] [8] [9] . The residential environment may also promote and/or hinder utilization of or access to early detection and treatment services [10, 11] , thereby affecting breast cancer mortality and survival. For instance, access to routine screening such as mammography facilities increases the chance that cancer is detected at early stages for which treatment is most effective, and access to healthcare increases the likelihood of adequate treatment [12, 13] . Thus, understanding the association between features of the residential environment and breast cancer outcomes may provide insight into factors relevant to risk reduction, adequate screening and timely treatment, and guide primary, secondary and tertiary prevention efforts.
Different aspects of the residential environment are captured through area-based residential (ABR) measures, most often constructed by aggregating or mathematically summarizing the characteristics of individuals residing within an area (e.g., proportion of residents living below federally defined poverty, mean income level of residents in an area). Although these ABR measures may be used as proxies for individual-level factors when such information is lacking, they may also indicate features of residential environment that are associated with an outcome differently or independently of individual-level factors. ABR measures may also be based on the properties of an area that do not simply summarize characteristics of individuals, and thus, have no equivalent measure at the individual level (e.g., population density or urbanization) [14] . Multiple studies have assessed ABR measures in relation to breast cancer incidence and outcomes. However, to our knowledge, no review of the literature on ABR measures and breast cancer has been previously published. The purpose of this review is to: 1) provide a comprehensive synthesis of the published literature on the associations between features of residential environments, measured at the area level, and breast cancer incidence and mortality; and 2) conduct meta-analysis of results, as appropriate. Additionally, we will describe commonalities and differences in the research findings across the two breast cancer outcomes and across racial/ ethnic populations, and identify gaps in the literature.
Methods for evidence acquisition and synthesis

Search strategy
We employed established PRISMA guidelines for conducting systematic reviews in health [15] . Given that search terms are not fully developed or systematically used, we chose a broad strategy by searching for many general key words in multiple electronic databases. We also used search terms based on previously published studies and added other relevant terms as appropriate. We searched the electronic databases of PubMed, CINAHL, PsychInfo and Web of Science (WOS) using the term "breast cancer" and any of the following key words: neighborhood, neighbourhood, county, census, residential, residence, area-based, geograph*, environment*, walk*, multilevel, multi-level, context*, hierarchical, community. We limited our search to studies of adult human subjects that were published in English. The search period for article inclusion was from database inception to June 30, 2013 .
Eligibility criteria
Eligible articles met all of the following criteria: 1) were published in English; 2) reported results from analysis of original data (including population-based cancer registries); 3) used at least one area-based residential measure as an independent variable in analysis, including both compositional, aggregated (based on characteristics or the aggregation of characteristics of individuals residing in an area) and contextual measures (characteristics of a defined geographic area); 4) used at least one individuallevel covariate in addition to an ABR variable; and 5) evaluated female invasive breast cancer incidence/risk or mortality as the outcome. Studies that only examined trends over time, mortality among individuals with breast cancer, and ecological data (i.e., aggregated vs. individual-level outcome data) were excluded.
Selection strategy
Two authors (PT, TA) independently reviewed study titles, abstracts and full text articles. We reviewed abstracts for study titles selected by at least one reviewer, and reviewed abstracts and full text articles that were selected by both reviewers. Another author (TGW) adjudicated when consensus could not be reached. Figure 1 presents a flowchart of the study selection process and results. We reviewed study titles for 13,160 articles that were identified through the previously mentioned search strategy, and selected 439 articles for the review of the abstracts. Most of the excluded articles either assessed non-cancer outcomes, cancers other than breast cancer, or outcomes such as stage of presentation or treatment, examined trends over time, or compared geographic areas without assessing a specific ABR measure. We selected 39 articles for full text review from the reviewed abstracts. We reviewed 50 additional abstracts identified through manual review of the references of the 39 selected full text articles, and selected an additional 24 articles for full text review. Of the total 63 full text articles reviewed, 31 articles were eligible for data abstraction, and 32 articles were excluded as they examined non-eligible outcomes (e.g., other cancer sites, survival in breast cancer cases; n = 9), lacked any area-based independent (exposure) variable (n = 8), did not present relevant data (n = 8), did not involve original research (n = 3), or presented only ecological results (n = 4).
Data extraction and synthesis
One author (MF) abstracted data from the selected articles into an electronic database, and two authors (PT, TA) independently verified the coded information against the original articles. All three abstractors met to resolve any inconsistencies by consensus. We extracted data on study characteristics and relevant results for all ABR measures. The study characteristics included the country and region of the study, study design, sample size, data sources, measurement of the residential factors, and age and racial/ethnic distribution if reported. We also retrieved information on the main statistical methods and covariates. Finally, for the extreme two levels of categorical ABR measures (e.g., highest and lowest income levels), we extracted measures of frequency (e.g., rates), or relative measures of association (e.g., relative rate [RR], odds ratio [OR], hazards rate ratios [HR]) and 95% confidence interval (CI), and p-values for linear trend where available.
Statistical analysis
When measures of association were not presented in the manuscript, we calculated rate ratios using reported ageadjusted rates comparing the highest to the lowest category of each ABR measure [4, [16] [17] [18] [19] [20] [21] [22] [23] ; otherwise, ratio measures were presented for the contrast reported in the original articles. If rates were stratified (e.g. by race/ ethnicity), we calculated the rate ratios for each stratum. Due to our interest in understanding racial differences in associations between ABR variables and breast cancer, we present data for un-stratified associations as well as race-stratified associations. If only stratified results were reported, we present rate ratios for the first stratification level.
To be eligible for inclusion in meta-analysis, we required the same ABR construct in at least 2 studies in relation to the same outcome (i.e., incidence/risk or mortality) within the same stratification level, and the studies needed to have sufficient data to calculate a risk estimate and standard error or confidence intervals. We re-calculated the estimates presented in some of the articles to correspond to the same comparison (e.g., estimates presented comparing the lowest to highest income category were re-calculated for the contrast to correspond to the highest versus lowest income category). Based on these criteria, the ABR constructs included in the meta-analysis were ABR measures of education, income, poverty, composite SES and urbanization in relation to breast cancer incidence, and urbanization in relation to breast cancer mortality. If multiple studies presented results that were based on the same dataset for the study period and ABR construct were the same, the study with the larger sample size was included in the meta-analysis. We estimated summary rate ratios comparing the two extreme categories of ABR measures in relation to breast cancer incidence using randomeffects models [24] . We calculated the Q-statistic to test for between-studies heterogeneity, and used the I 2 statistic to calculate the proportion of variation between studies due to heterogeneity. We assessed potential publication bias via inspection of funnel plots and Egger's test for small-study effects. As the results of the funnel plots and Egger's test were consistent, we only present the p-values of the Egger's test for the meta-analysis. We conducted sensitivity analyses of the meta-analysis results when more than two studies were available (influence analysis), and when more than 4 studies were available (meta-regression [25] ). All statistical analyses were performed using STATA version 12.0 (Stata Corp, College Station, Texas USA).
Results
Of the 31 articles that fulfilled our selection criteria [4, [16] [17] [18] [19] [20] [21] [22] [23] , 24 examined breast cancer incidence or risk only [16] [17] [18] [19] [20] [21] 27, 28, [30] [31] [32] [33] [34] [35] 37, [39] [40] [41] [42] [43] [44] [45] [46] [47] , four examined breast cancer mortality only [26, 29, 36, 38] , and three articles examined both incidence/risk and mortality [4, 22, 23] ( Table 1 ). The number of published articles increased steadily over the past several decades, with only one article in each decade of the 1970s [26] and 1980s [17] , 9 articles in the 1990s [16, [20] [21] [22] [23] 30, 33, 34, 39] ,11 in the 2000s [4, 18, 19, 28, 32, 35, [40] [41] [42] 46, 47] , and 9 in 2010 through June 2013 [27, 29, 31, [36] [37] [38] 43, 45, 47] . About 75% (n = 23) of the published articles were based in the United States (U.S.), including one article that examined data from both the U.S. and Canada [4, [16] [17] [18] [19] [20] [21] 26, 28, [31] [32] [33] [34] [35] [36] [37] [39] [40] [41] [42] [43] 46, 47] ; an additional two articles were based in Canada [27, 30] . Of the remaining articles, two were conducted in Australia [23, 29] , two in the United Kingdom (U.K.) [22, 44] , one in Italy [45] and one in Switzerland [38] . Detailed descriptions of each article and sample characteristics are presented in Table 2 .
Data sources
The most common source for breast cancer data included national and state cancer registries. Of the 23 U.S.-based studies, 8 studies utilized U.S. Surveillance Epidemiology and End Results (SEER) registry data [4, 16, 20, 28, 32, 35, 36, 43] , and 9 studies utilized regional or state cancer registry data [21, [31] [32] [33] [39] [40] [41] 46, 47] ; the remaining studies used data from individual research studies (two case-control [42, 46] , and two cohort studies [37, 40] ). Data for the ABR measures used in these studies were mostly from national census surveys. The majority of the U.S. studies used data from California [31, 32, [39] [40] [41] 47] , SEER regions (these include Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San-Francisco-Oakland, Seattle-Puget Sound, Utah, Los Angeles, San Jose-Monterey, rural Georgia, the Alaska Native Tumor Registry, Greater California, Kentucky, Louisiana, and New Jersey) [4, 16, 20, 32, 35, 36, 43] , and North American Association of Central Cancer Registries (NAACCR) data [19] . Other areas included New York [21] , North Carolina [18] , Massachusetts [46] and Wisconsin [42] . Other U.S. studies used nationally representative survey data (National Longitudinal Mortality Study and Third National Cancer Survey [17, 28] ), and one nationally recruited study population [37] . All Canadian (3 studies) [27, 30, 35] and U.K. studies (2 studies) [22, 44] used cancer registry data to identify breast cancer cases. Other studies from Australia (two cohort studies) [23, 29] , Italy (one study) [45] and Switzerland (one study) [38] obtained breast cancer data from individual research studies.
Study design and sample characteristics
All studies analyzed breast cancer data in females with varying age inclusion criteria ranging from ages 15 and older to ages 70-75 years. Racial distribution of the analytic samples was not consistently reported, with only 13 studies, all based in the U.S., reporting the racial distribution of the study population [17] [18] [19] [20] 28, 31, 33, 34, 36, 37, 39, 43, 47] . Of these, one study each included only Hispanic women [31] , only African-American women [37] , and only white women [39] . Studies that included more than one racial group were comprised of predominantly white women (making up between 69% and 98% of the study population). Most studies (25 studies), utilized data with a cross-sectional design [4,16-23,26-28, 30-36,39,41,43-45,47] , two were case-control studies [42, 46] , and four were cohort studies [29, 37, 38, 40] . In addition to individual-level demographic covariates such as age and race/ethnicity, 7 studies included individuallevel risk factors for breast cancer such as family history of breast cancer, mammography use, parity, lactation, menarche, physical activity, alcohol intake, body mass index, hormone replacement use, oral contraceptive use and menopausal status [36] [37] [38] 40, 42, 45, 46] .
Area-Based Residential (ABR) measures
The majority of ABR measures captured different aspects of socioeconomic environment including education [16, 17, 39, 43] , income [16, 17, 26, 27, 35, 39] , poverty [4, 19, 20, 30, 39, 43, 46] , summary measures of several indicators of SES (hereafter, composite SES) [22, 23, [31] [32] [33] [34] 37, 38, 41, 42, [44] [45] [46] [47] and occupational class [20, 39] . Income and education measures were respectively based on median family or household income, and median years of school completed or percent of the population with college or high school degree. Poverty measures included the proportion of the population living below the federally defined poverty level as determined by the annual household size adjusted income. Occupational class was assessed based on the proportion of adults employed in working class occupations [20, 39] . Measures of composite SES were created using a combination of variables such as income, education, occupation, and housing characteristics. In the U.S. studies, such composite measures varied in their definitions and component variables; however, the two U.K. studies were consistent in the use of the Townsend Index of Social Deprivation, a summary residential deprivation score defined by percent of economically active residents aged 16-59 who are unemployed, percentage of private households that do not possess a car, percentage of private households that are not owner-occupied and the percentage of private households with more than one person per room [48] . Relative income was assessed as the median household income for each population decile divided by median household income of the poorest decile [35, 45] . Other ABR measures included urbanization and Hispanic enclave. Urbanization was based on residence in rural versus urban areas, or metropolitan versus nonmetropolitan areas, as defined by population density [18, 19, 21, 28, 29, 36, [40] [41] [42] [43] . Hispanic enclave was defined as the proportion of Hispanic, Spanish speaking and linguistically isolated individuals within the area [31] .
Studies of breast cancer incidence included ABR measures of education in 4 studies [16, 17, 39, 43] , income or income inequality in 6 studies [16, 17, 27, 35, 39, 45] , poverty in 7 studies [4, 19, 20, 30, 39, 43, 46] , composite SES in 13 studies [22, 23, [31] [32] [33] [34] 37, 41, 42, [44] [45] [46] [47] , occupational class in 2 studies [20, 39] , urbanization in 8 studies [18, 19, 21, 28, [40] [41] [42] [43] , and Hispanic enclave in one study [31] . Studies of breast cancer mortality included ABR measures of income in 1 study [26] , poverty in 1 study [4] , composite SES in 3 studies [22, 23, 38] , and urbanization in 2 studies [29, 36] .
Geographic unit
Census tract [16, 17, 30, 32, 34, 35, 42, 45] and census block group [20, 31, 33, 37, 39, 41, 46, 47] levels were the most common geographic unit, used in 8 studies each. County level measures were used in 6 studies [4, 18, 19, 26, 36, 43] , Mortality zip code or postal code in 3 studies [27, 42, 44] , enumeration districts in 2 studies [22, 35] , and local government area [23] and minor civil divisions [21] in one study each. Other studies used ABR measures corresponding to distance [29] , neighborhood boundaries [38] , SEER regions [28, 35] , and one study had a priori specification of comparison counties [32] . County, census tract and block group level measures were predominant in U.S.based studies. With the exception of census tract used in the one study in Italy, other European and Australian studies relied on postal code, enumeration districts or local government area.
Associations between ABR measures and breast cancer incidence
The results of associations between ABR measures and breast cancer incidence by type of ABR measure are presented in Table 3 and Figure 2 , and described in the next section.
Education
Of the four studies presenting results for ABR education, 3 studies reported higher incidence for the highest versus lowest ABR education [16, 17, 39] . The fourth study examined inflammatory breast cancer (IBC) and non-IBC separately, [43] and reported higher incidence of IBC in the lowest vs. highest ABR education, but consistent with positive associations between education and overall breast cancer, found lower non-IBC incidence in the lowest vs. highest ABR education. Three studies reported estimates of the association between ABR education and incidence for blacks and whites [16, 17, 43] . The associations appeared stronger in whites than in blacks in two studies (RR = 1.33 and 1.45 among whites, 1.10 and 1.19 among blacks) [16, 17] ; and the association was only statistically significant in white women in the study that reported statistical significance of the estimates [16] . Similarly, the remaining study reported slightly lower non-IBC incidence in the lowest versus highest ABR education in whites, (RR = 0.96, 95% CI: 0.95-0.97) but found no significant ABR education differences in non-IBC risk for blacks (RR = 1.00, 95% CI: 0.97-1.03); however, for the rare IBC sub-type, incidence was higher in the lowest versus highest ABR education in both whites (RR = 1.20, 95% CI: 1.09-1.32) and blacks (RR = 1.28, 95% CI: 1.04-1.58) [43] .
Meta analysis-education
Two studies met the criteria for inclusion in the metaanalysis, shown in Figure 2 [39, 43] , with one study presenting results for two subtypes of IBC and non-IBC. The meta-analysis summary RRs for the highest versus lowest ABR education was 1.05 (95% CI: 0.93, 1. 19 ). There was evidence of statistically significant heterogeneity between the studies (P <0.01; I 2 = 97.2%), although there was no evidence of small-study bias as confirmed with Egger's test (p = 0.25). Influence analysis indicated that the metaanalysis results were dominated by the non-IBC results presented by Schlichting et al., and excluding this study would have attenuated the observed associations. These two studies were the only studies eligible for meta-analysis that also presented race-stratified estimates for blacks and whites. The results of meta-analysis using the racestratified data yielded similar estimates with summary RR for the highest versus lowest ABR education of 1.05 (95% CI: 0.87-1.27) among whites, and summary RR of 1.00 (95% CI: 0.85-1.18) among blacks (data not shown).
Income
Five studies examined ABR income and incidence, and all reported higher incidence with higher ABR income [16, 17, 27, 35, 39] . The 2 studies with un-stratified estimates reported a statistically significant 15% higher breast cancer incidence associated with residence in higher ABR income areas [27, 39] . Two studies reported estimates for whites and blacks, with both studies showing higher incidence for the highest versus lowest ABR income in whites (RRs of 1.37 and 1.29) [16, 17] , and one study showing the same association in blacks (RR = 1.59) [16] ; one study also reported a statistically significant p-value for linear trend across categories of income in whites only [16] . One study evaluated ABR income and incidence in Ontario, Canada and in the U.S. [35] , and reported positive and statistically significant association in both Canada (RR = 1.10, 95% CI: 1.04-1. 16 ) and the U.S. (RR = 1.35, 95% CI: 1.31-1.40), with stronger associations in the U.S.
Meta analysis-income
Two studies met the criteria for inclusion in the metaanalysis [27, 39] . The meta-analysis summary RRs for the highest versus lowest ABR income was 1.17 (95% CI: 1.15, 1.19). There was slight evidence of significant heterogeneity between the studies (P = 0.23; I 2 = 32.2%), and no evidence of small-study bias as confirmed with Egger's test (p = 0.25).
Poverty
Seven studies presented results on ABR poverty [4, 19, 20, 30, 39, 43, 46] , of which three studies reported unstratified results [30, 39, 43] . Of these 3 studies, one reported lower breast cancer incidence in the lowest versus highest ABR poverty areas (SIRR = 0.89, 95% CI: 0.80-0.99) [30] , while another study observed the reverse for the same comparison (RR = 1.11, 95% CI: 1.08-1.14) [39] . The remaining study reported higher incidence for IBC (RR = 1.24, 95% CI: 1.12-1.37) and lower incidence for non-IBC (RR = 0.86, 95% CI: 0.84-0.87) in the highest versus lowest ABR poverty areas [43] . Four other studies reported stratified results for ABR poverty and incidence [4, 19, 20, 30] . One reported estimates across three levels of stratification by race, age and occupational class [20] . In black women less than 40 years old, lowest vs. highest ABR poverty was associated with higher breast cancer incidence, regardless of ABR occupation class (RR for lowest vs. highest ABR poverty in high working class: 1.23, RR for lowest vs. highest ABR poverty in low working class: 1.38) whereas for white women less than 40 years old, lowest vs. highest ABR poverty was associated with higher incidence in low working class areas (RR for lowest vs. highest ABR poverty in low working class: 1.74) and associated with lower incidence in high working class areas (RR for lowest vs. highest ABR poverty in high working class: 0.64). In both white and black women over the age of 40, lowest versus highest ABR poverty showed lower incidence or no differences in incidence. The remaining three studies reported results stratified by year of diagnosis [4, 19, 46] . Two studies that compared highest to lowest ABR poverty showed lower incidence in both years of studies considered [4, 19] . The last study showed mixed and non-significant results across the two diagnosis years [46] . One study reported race-stratified results for IBC and non-IBC, and showed significantly lower non-IBC incidence in highest versus lowest ABR poverty areas for whites (RR = 0.87, 95% CI: 0.86-0.89), nonsignificant results for blacks (RR =1.02, 95% CI: 0.98- Table 3 Summary of associations between residential environment and breast cancer incidence (Continued) [ Estimates were re-calculated for meta-analysis to be consistent with the comparison of highest versus lowest ABRV.
1.06), and non-significant associations for IBC in whites (RR = 1.12, 95% CI: 0.99-1.27), but higher IBC incidence in blacks (RR = 1.32, 95% CI: 1.01-1.72) 33 .
Meta-analysis-poverty
Three studies met the criteria for inclusion in the metaanalysis [30, 39, 43] . For consistency with other SES indicators (i.e. high SES vs. low SES), we compared low vs. high poverty areas as lower poverty areas represent higher SES areas. The meta-analysis summary RR for the lowest versus highest ABR poverty was 1.00 (95% CI: 0.91-1.10). There was evidence of significant heterogeneity between the studies (P <0.01; I 2 = 96.0%), but no evidence of small-study bias as confirmed with Egger's test (P = 0.86). Influence analysis indicated that the meta-analysis results were dominated by the non-IBC results presented by Schlichting et al., and excluding this study would have attenuated the observed associations.
Composite SES
Thirteen studies presented results on ABR composite SES [22, 23, [31] [32] [33] [34] 37, 41, 42, [44] [45] [46] [47] . Of the 9 studies that reported un-stratified estimates [22, 23, 31, 34, 37, 41, 42, 44, 45] , 7 reported higher incidence in the highest versus lowest ABR composite SES [23, 31, 34, 41, 42, 44, 45] , one showed a non-significant higher incidence [22] , and one showed a non-significant lower incidence [37] . Two studies provided race-stratified estimates; one study used a combination of area based working class status and poverty as a measure of composite SES, and observed higher incidence among working class poor versus professionals whites (RR = 1.2, 95% CI: 1.1-1.3), lower incidence among working class poor versus professionals Hispanics (RR = 0.5, 95% CI: 0.4-0.7), and non-significant differences in Asian and Pacific Islanders or blacks [33] . The other study reported race-and age-stratified estimates comparing the highest versus lowest ABR composite SES and showed significantly higher incidence in all age groups among whites, blacks, Hispanics and Asian/Others [47] . One study reported estimates stratified by region and time period [32] .
In the San Francisco Bay Area, breast cancer incidence was higher for the highest versus lowest ABR composite SES in all three time periods, with rates increasing significantly from 1.23 (95% CI: 1.10-1.38) in 1978-1982 to 1.53 (95% CI: 1.43-1.65) in 1998-2002. The higher incidence associated with higher composite SES was observed for Figure 2 Relative risk and 95% Confidence Interval (CI) estimates of residential environment and breast cancer incidence § . The black squares and horizontal lines correspond to the study-specific relative risks and 95% confidence intervals. The area of the black squares is proportional to the inverse of the sum of the between-studies variance and the study-specific variance. The studies are organized by study design and then publication year. The diamond represents the pooled relative risk and the 95% confidence interval. § Estimates were re-calculated by changing the reference category for the following studies: Income (Borugian [27] ); Poverty (Gorey [30] , Prehn [39] ); Composite SES (Shack [44] , Spadea [45] ); Urbanization (Clegg [28] , Schlichting [43] ).
white women in 1978-1982 (RR = 1.25, 95% CI: 1.07-1.45) and 1998-2002 (RR = 1.21, 95% CI: 1.06-1.38), but not for black women in any of the time periods. Similar patterns of higher breast cancer incidence in higher SES areas were observed in the same time period in Los Angeles County, and in1988-1992 and 1998-2002 in Massachusetts for the overall sample and white women, but these were not statistically significant for black women. Another study reported estimates stratified by diagnosis year, and showed higher but non-significant incidence for the highest versus lowest ABR composite SES in 1990 (RR = 1.30, 0.86-1.96), and significantly higher incidence for the same contrast in 1980 (RR = 1.69, 95% CI: 1.10-2.59) [46] .
Meta-analysis-composite SES
Seven studies met the criteria for inclusion in the metaanalysis [31, 34, 37, 41, 42, 44, 45] . The studies by Keegan et al. [31] and Reynolds et al. [41] both presented results for residential composite SES based on data from the same study population with overlap in the study period. We included the study by Reynolds in the meta-analysis since it had a larger sample size. The meta-analysis summary RR for the highest versus lowest residential composite SES for the six studies included in the metaanalysis was 1.25 (95% CI: 1.08-1.44). There was evidence of significant heterogeneity between the studies (P<0.01, I 2 =98.7%), but no evidence of small-study bias as confirmed with Egger's test (P=0.74). We performed meta-regression analysis to identify potential sources of heterogeneity in the meta-analysis results adjusting for study year, study design (cross-sectional versus cohort) and adjustment for other covariates in the analysis. However, we found no evidence that these factors contributed to the observed heterogeneity in this meta-analysis. None of the variables were statistically significant in the analysis, and the between-study variance changed very slightly from 0.03 to 0.033 after adjusting for the covariates. Influence analysis indicated that the meta-analysis results were dominated by the results presented by Shack et al. [44] and Palmer et al. [37] . Excluding the Shack et al. study strengthened the observed association, while excluding the Palmer et al. study attenuated the observed associations.
Occupational class
Two studies presented results on ABR occupational class [20, 39] , showing mostly lower incidence in the highest versus lowest ABR working class. One study showed higher breast cancer incidence in the lowest versus highest ABR working class (RR=1.13, 95% CI: 1.09-1.17) [39] . The other study showed that among black women of all ages and among white women ages 40 years and older, breast cancer incidence was lower in highest versus lowest ABR working class (ORs ranging between 0.57-0.86), but no differences by ABR occupational class were observed for white women less than 40 years (OR=1.04, 95% CI: 0.82-1.32) [20] . A summary estimate was not provided, as there were too few studies meeting the eligibility criteria for a meta-analysis.
Urbanization
Eight studies presented results on urbanization and incidence [18, 19, 21, 28, [40] [41] [42] [43] . Six studies reported unstratified results [21, 28, [40] [41] [42] [43] , and 4 of these showed significantly higher breast cancer incidence ranging from 14%-33% in urban versus rural areas [19, 21, 40, 42] . One study reported results for IBC and non-IBC; residing in a non-metropolitan versus metropolitan areas was associated with lower incidence of non-IBC (RR=0.94, 95% CI: 0.93-0.95), while the association for IBC was not statistically significant [43] . Two studies presented estimates of the association between urbanization and incidence stratified by race [18, 43] . In one study, incidence was higher in white women in metropolitan (RR=1.18 relative to non-metropolitan area) and urban areas (RR=1.18 relative to rural area), but no statistical test results were reported; results were less clear for nonwhite women [18] . In the other study [43] , similar associations were observed for non-IBC, with incidence being lower among white women in non-metropolitan compared with metropolitan areas (RR= 0.88, 95% CI: 0.87, 0.89), but differences were not statistically significant among black women (RR=0.97, 95% CI: 0.92, 1.01). In contrast, IBC incidence among white women was not significantly different across metropolitan and non-metropolitan areas, but was significantly higher among black women in non-metropolitan versus metropolitan areas (RR=1.40, 95% CI: 1.06, 1.81). Higher incidence was also reported in urban versus rural areas for diagnosis years 2001 (RR=1.23) and 2004 (RR=1.14) in another study [19] .
Meta-analysis-urbanization
Six studies met the criteria for inclusion in the metaanalysis [21, 28, [40] [41] [42] [43] . The meta-analysis summary RR comparing urban versus rural residence was 1.09 (95% CI: 1.01-1. 19 ). There was evidence of significant heterogeneity between the studies (P<0.01, I 2 =95.4%), but no evidence of small-study bias as confirmed with Egger's test (P=0.80). Influence analysis indicated that the metaanalysis results were dominated by the IBC results presented by Schlichting et al., and excluding this study would have strengthened the observed associations. We performed meta-regression analysis to identify potential sources of heterogeneity in the meta-analysis results adjusting for study year, study design (cross-sectional versus cohort) and adjustment for other covariates in the analysis. However, we found no evidence that these factors contributed to the observed heterogeneity in this meta-analysis. None of the variables were statistically significant in the analysis, and the between-study variance changed very slightly from 0.01 to 0.006.
Hispanic enclave
One study presented results on ABR Hispanic enclave, and reported significantly higher incidence in lowest versus highest ABR Hispanic enclaves (RR=1.79, 95% CI: 1.67-1.92) [31] . Higher incidence was also observed in highest SES, low Hispanic enclave areas versus lowest SES, high enclave areas (RR=1.56, 95% CI: 1.50-1.63).
Other ABR measures
One study computed a relative index of inequality, and showed a non-significant lower incidence with increasing ABR inequality (RR=0.92, 95% CI: 0.82-1.02) [45] .
Another study used the natural log of relative income in Ontario and the US [35] , showing borderline statistically significant higher incidence with higher relative income in both countries (Ontario RR=1.04, 95% CI: 1.00-1.08; US RR=1.14, 95% CI: 1. 12-1.17) .
Associations between ABR measures and breast cancer mortality
The results of the associations between ABR measures and breast cancer mortality by type of ABR measure are presented in Table 4 and described in detail below.
Income
One study presented results on ABR income, stratified by country region and population size [26] . Mortality was higher by 5-14% in the highest versus lowest ABR income in all the strata, with the exception of U.S. Northeast areas with population size > 250,000 (RR=0.99); however, no data on statistical tests was presented. 
Poverty
One study examined ABR poverty and breast cancer mortality. Results were stratified by year of death [4] , and reported lower mortality for highest versus lowest ABR poverty in 1987 (RR=0.83), and estimates approaching null in 2004 (RR=1.02), but provided no data on statistical tests.
Composite SES
Three studies presented results on ABR composite SES [22, 23, 38] . Two studies showed higher mortality in highest versus lowest ABR composite SES, however one study did not provide data on statistical significance [23] , and the other study was not statistically significant [22] . The third study reported lower mortality among residents of high ABR composite SES areas and the results were also not statistically significant [38] .
Urbanization
Two studies presented results on urbanization, comparing rural or remote areas with urban areas [29, 36] . One study reported non-significant lower mortality in remote areas (Hazard Ratio: 0.47, 95% CI: 0.06-3.42) [29] . The second study reported a non-significant higher mortality (Hazard Ratio: 1.04, 95% CI: 0.85-1.26) [36] in rural areas relative to urban areas with non-significant p-value for trend across levels of urbanization.
Meta-analysis
Two studies met the criteria for inclusion in the metaanalysis (figure not shown) [29, 36] . The meta-analysis summary RR comparing urban versus rural residence was 0.97 (95% CI: 0.79-1.18). There was no evidence of significant heterogeneity between the studies (P=0.44, I 2 =0.0%), and no evidence of small-study bias as confirmed with Egger's test (P=0.62).
Discussion
This review and meta-analysis summarizes and quantifies the literature examining the association between a variety of constructs representing the residential environment and breast cancer incidence and mortality. There has been a substantial increase in the number of studies assessing the influence of the residential environment in relation to breast cancer in the past decade; over 30% of all studies on this topic were published in the past 3 years. Overall, residing in urban areas and in higher socioeconomic areas characterized by higher income, and composite SES was associated with higher breast cancer incidence. Specifically, the results from articles included in the meta-analysis showed that urban residence was associated with a borderline significant 9% increase in breast cancer incidence, and higher income and higher composite SES were respectively associated with a significant 17% and 25% increase in breast cancer incidence. The meta-analysis results for the association between higher education and lower poverty and increased breast cancer incidence appeared to have been attenuated due to the inverse associations between these variables and IBC incidence, a relatively rare type of cancer accounting for <6% of all breast cancers diagnosed [49] , and excluding IBC data from the meta-analysis resulted in statistically significant associations between higher breast cancer incidence and higher education and lower poverty. The associations between the residential environment and breast cancer mortality were less consistent across studies, with different studies showing both higher and lower mortality in urban vs. rural areas and in areas with high vs. low composite SES. We observed significant heterogeneity between studies included in both the systematic review as well as in the metaanalysis, which may be driven by differences in study design, construction of area level measures, and geographic units. Due to the observed heterogeneity between studies on breast cancer incidence, and the lack of statistical significance reporting in most of the studies on breast cancer mortality, the overall results should be interpreted with caution.
The positive association between ABR composite SES and breast cancer incidence was the strongest and most consistent association observed in this review. There is no clear consensus on the use of single SES indicators such as income or education versus summary or composite SES measures to characterize associations between socioeconomic status and health outcomes [50, 51] . Both types of measures have been used extensively, and the decision regarding which type of measure to use should be driven by the research question of interest and hypothesized causal pathways. Measures of single SES indicators are often only modestly correlated, and may show associations of varying magnitude or direction with the same health outcomes [52] . In such cases, the use of a composite SES measure may result in null associations whereas the use of single SES indicators may provide insight into plausible pathways through which specific SES factors influence health. However, in the context of residential environment, the relationship between SES and health may not be driven solely by income, education or poverty per se, but instead may reflect exposure to complex and environments that are better captured through the use of a composite measure of SES.
Although our selection criteria did not specify geographic region, the majority of studies included in this review were conducted in the U.S., and thus the results may be more generalizable to the U.S. population. The positive association between residential composite SES and breast cancer incidence in the U.S. was also observed in studies from Australia, Canada and the U.K. The increase in breast cancer incidence associated with highest compared with lowest composite SES ranged from 20% in the U.K. and Canada to 40% in Australia. The similar associations observed in these countries with more inclusive social welfare and healthcare systems than those present in the U.S., including national healthcare insurance systems, which provide everyone with some level of access to healthcare, suggest the possibility of other pathways linking residential environment to breast cancer risk [53] .
Potential pathways linking the residential environment with breast cancer risk or mortality include: physical attributes of an area that may promote or hinder breast cancer risk factors such as reproductive factors, diet and physical activity [7, 54, 55] ; availability of resources relevant for screening and diagnoses such as access to mammogram facilities and clinics [10, 11] ; or psychosocial pathways involving stress and anxiety due to residential crime and safety [56, 57] . The influence of these arealevel factors on breast cancer risk or mortality may be independent of individual-level factors including social status or health insurance, and the importance of investigating the potential mediating effect of individual-level factors in understanding how the residential environment operates in shaping health outcomes have previously been highlighted [58, 59] . However, this topic remains largely unexplored in the literature included in this review as only 5 of the articles examined individuallevel breast cancer risk factors status [37, 40, 42, 45, 46] , and only 4 studies examined individual-level SES [37, 40, 42, 45] . Of the 3 studies that controlled for an individual-level measure of SES in addition to an ABR SES measure [37, 42, 45] , two studies reported a 10-20% increase in breast cancer risk in the highest versus lowest composite SES areas after adjustment for individual-level educational status [42, 45] , and one study, conducted only in black women, observed no significant association [37] . Overall, it is difficult to draw any conclusions about mechanisms or pathways of ABR influences on breast cancer outcomes, as most of the studies included in the current review did not explicitly hypothesize or test a specific pathway through which the residential environment could influence breast cancer in women. As suggested by other reviews, many studies include area level constructs mainly as a proxy for missing individual-level factors that are known to influence breast cancer risk and mortality, which limit their interpretation in terms of residential or area level influences on breast cancer outcomes [60, 61] .
With the exception of a few U.S. studies, the reviewed studies included populations comprised of predominantly white women. Several U.S. studies that presented results separately for black women or included substantial number of black women reported inconsistent and mostly non-significant associations in black women.
More research is needed to understand whether the associations between residential environment and breast cancer are consistent across U.S. racial/ethnic populations. Research in other countries with racial/ethnic diversity may also benefit from examining racial differences in the associations of ABR constructs and breast cancer outcomes as these may be different from those observed in the U.S.; however, availability of data on race/ethnicity in cancer surveillance data may be limited in certain countries.
The majority of reviewed studies employed a crosssectional design. For example, in most studies, breast cancer outcome and the residential environment construct were assessed contemporaneously, that is, there was no consideration given to the potential induction period between the exposure and diagnosis of breast cancer. The majority of the studies used administrative or secondary data sources (e.g. Census surveys) in developing ABR measures, while cancer registries (e.g. SEER) were the most common source of breast cancer data. The use of administrative data for ABR measures raises the issue of potential measurement error, since these databases were not designed for research purposes. There is also the issue of constantly changing geographic boundaries, which may result in misclassification if such changes are differential with respect to SES or other ABR measures. Finally, very few studies conducted multi-level analysis to account for the hierarchical nature of the data with individuals nested within neighborhoods. Further studies in this area should take advantage of the growing arsenal of methods available to deal with complex, multilevel studies such as structural equation models, Bayesian methods, and agentbased models.
There are several limitations in this review. The included studies were restricted to peer-reviewed, published, English language articles. The English language may have resulted in selection of large number of studies conducted in predominantly English-speaking countries including the U.S., Canada, U.K. and Australia. By restricting the search to studies that focused on breast cancer specifically, we may have missed studies with a more general title of 'cancer' during title review. However, we also searched the references of included articles, minimizing the likelihood of missing a significant number of studies. The review criteria resulted in the exclusion of articles that were focused on physical environmental exposures. We believed that the examination of physical environmental exposures (e.g. proximity to power lines) in relation to breast cancer constituted a separate class of exposures. As demonstrated in this review, studies included in the meta-analysis examined different ABR constructs and measurement. In addition to the heterogeneity in the exposure definition, individual studies examined different contrasts (e.g., quintiles, quartiles) and the same exposure contrast was not examined across the individual studies. We chose to include the most extreme contrast for this meta-analysis (e.g., highest vs. lowest category for comparison), which is standard practice in conducting a meta-analysis. However, the pooling of these contrasts could contribute to some of the between-studies heterogeneity that was observed for education, poverty, composite SES and urbanization, and it prevents us from examining the dose-response relationship between those exposures and the outcome. To identify potential sources of heterogeneity in the meta-analysis results based on study characteristics, we performed metaregression analysis; we observed no statistically significant evidence that factors such as year of publication, study design and multivariable adjustment contributed to the observed heterogeneity in this meta-analysis. Standardization of ABR measures across future studies should help to improve synthesis of findings and our understanding of residential environment influences on breast cancer outcomes.
There are also several strengths in this review. We used broad search criteria to improve our ability to select studies with a wide range of ABR measures, which may have been labeled differently across studies. In addition, the use of multiple ABR measures allowed us to examine relationships between different ABR constructs in relation to breast cancer outcomes. The meta-analysis of similar studies allowed us to generate summary estimates of the magnitude of the association, information that has been lacking in this field. Although there was significant heterogeneity between studies within ABR constructs, the summary estimates provide a useful overview and highlights some gaps in the current published literature. This review imposed no restriction on geographic location of published studies. This is important to highlight differences and similarities in studies across countries, which may provide important information about potential effect modifiers (e.g. access to healthcare resources).
Conclusions
In conclusion, this is the first systematic review and metaanalysis of studies examining the associations between ABR constructs (income, education, poverty, composite SES, occupational class and urbanization) and breast cancer incidence and mortality. Lack of a priori specification of a conceptual model linking the residential environment with individual outcomes, inadequate considerations of temporality, inconsistencies in the geographic unit, lack of proper consideration of potential confounders and mediators, and lack of multi-level analytic techniques have all been identified as limitations in this field [58, 60, 61] , and were the same limitations in most of the studies included in this review. Some of these limitations were further reflected in the statistically significant test for heterogeneity even between studies examining the same construct. While these conceptual and methodological issues limit our ability to draw definitive conclusions, we observed modest positive associations between breast cancer incidence residential area environment, as measured by ABR income and composite SES, and urbanization. Data from current studies did not allow for proper assessment of ABR measures in non-white women, but the limited data available for black women suggest less consistent associations between ABR measures and breast cancer incidence in black women. It is unclear whether the observed associations would remain once appropriate multi-level analytic methods with proper control for confounders are employed.
